Introduction
Since the characterization and synthesis of the hypothalamic decapeptide, gonadotrophin-releasing hormone (GnRH) , which stimulates the release of LH and FSH from the pituitary gland, much information has been obtained that confirms the importance of this peptide in the control of reproduction. Most studies have focussed on the in-vivo effects of GnRH on gonadotroph function and reproductive processes in adult rodents, sheep, monkeys and humans. In addition to the stimulatory action of GnRH on pituitary gonadotrophs, the peptide has been shown to stimulate and inhibit steroidogenesis in the testes and ovaries of rats (Sharpe, Fraser, Cooper & Rommerts, 1982) and this suggests that it exerts, in this species at least, a paracrine modulatory function within the gonads. As yet, however, no convincing evidence for a direct gonadal action of GnRH in other species has been obtained. Indeed, the precise chemical identity of 'gonadal GnRH' remains elusive and a similarity with the hypothalamic decapeptide has not been confirmed. For this reason this review will not consider further the role of'gonadal' GnRH-like material in sexual maturation.
There is relatively little information on the importance of GnRH during the differentiation and maturation of the functional activity of the gonadotrophs, although this is a continuous process which is subject to modification as gonadal feedback regulatory influences change with progressive maturation of the animal up to and through puberty. The present review concentrates upon the role of GnRH in these developmental and maturational events of pituitary gonadotroph function in rodents. More comprehensive reviews of pubertal development may be found elsewhere (Kaplan, Grumbach & Aubert, 1976; Odell & Swerdloff, 1976; Styne & Grumbach, 1978;  Ojeda, Andrews, Advis & Smith-White, 1980 ).
GnRH and gonadotroph differentiation in the fetus
Araki, Toran-Allerand, Ferin & Vande Wiele (1975) studied the content of GnRH in the hypothalamus of the rat fetus during gestation and found none until the day of birth. However, using a highly specific antiserum against GnRH and a very sensitive radioimmunoassay, Chiappa found measurable immunoreactive GnRH, although in very low concentrations, in hypothalamic extracts from rat fetuses from 15 days of gestation onwards. As in the study of Araki et al (1975) , there was a progressive increase in hypothalamic GnRH content during post-natal development in male and female rats , although the GnRH content in females had decreased by the time of the first pro-oestrus. In a re-evaluation of the role of GnRH in the differentiation of gonadotrophs, Aubert et al (1985) detected immunoreactive GnRH in whole rat brain as early as 12 days of gestation. The amount remained low and constant between 12 and 17 days of gestation but then increased markedly. In human fetuses GnRH is detectable in the hypothalamus as early as 70 days of gestation (Kaplan et al, 1976) .
Although the hypophysial portal vasculature is not fully developed in the rat until 7 days of age (Glydon, 1957) , electron microscope studies of the fetal median eminence show nerve terminals in close proximity to the perivascular spaces above the pituitary primordium as early as 16 days of gestation (Fink & Smith, 1971 (Begeot et al, 1981) .
Additional evidence for a role for GnRH in the differentiation of gonadotrophs is provided by the observation that the pituitary glands of anencephalic fetuses contain very little gonadotrophin and are unresponsive to GnRH (Kaplan et al, 1976) .
Whilst the available data suggest a role for GnRH in the differentiation of gonadotrophs, the source of this GnRH remains obscure since gonadotrophin-containing cells are present in the hypogonadotrophic hypogonadal (hpg) mouse which supposedly has no endogenous hypothalamic GnRH (Cattanach, Iddon, Charlton, Chiappa & Fink, 1977; . Exogenous GnRH markedly increases the size of gonadotrophs as well as the gonado¬ trophin content in hpg mice (McDowell, Morris, Charlton & Fink, 1982 Khodr & Siler-Khodr, 1980) and de-novo synthesis of GnRH by the human placenta at term has also been reported (Tan & Rousseau, 1982) . However, there are no reports to date of GnRH-like material in rat placental tissue (Aubert et al, 1985) . Nevertheless, the possibility exists that a placental GnRH-like peptide could direct gonadotroph differentiation. This would reconcile the observations of the GnRH-deficient hpg mouse with the other evidence that supports the fact that GnRH is crucial to the differentiation and maturation of gonadotrophs.
Post-natal development of gonadotrophin secretion and pituitary responsiveness to GnRH
The profiles of gonadotrophin secretion during post-natal development are being continually modified by changes in the feedback sensitivity of the hypothalamus-pituitary system to gonadal steroids.
Male rats
In male rats serum LH and FSH concentrations tend to be high during the neonatal (0-7 days of age) period (Döhler & Wuttke, 1974) (Ketelslegers et al, 1978) . The FSH-dependent increase in LH receptors enhances the sensitivity of the testes to unchanged concentrations of serum LH and initiates a rise in the production of testosterone (Ketelslegers et al, 1978) .
Pituitary responsiveness to exogenous GnRH in male rats shows a tendency to increase gradually as development proceeds (Debeljuk, Arimura & Schally, 1972a; Dullaart, 1977) although an age at which there is a dramatic increase in sensitivity has not been identified.
The content of pituitary receptors for GnRH in male rats increases steadily from birth to 30 days of age when a plateau is reached. This is paralleled closely by an increased pituitary LH content (Chan et al, 1981 (Chan et al, 1981; Dalkin et al, 1981) . The decline in GnRH receptor concentration is mirrored by increasing serum testosterone concentrations, suggesting that an increased negative feedback action of gonadal hormones may cause a reduction in GnRH receptors either secondary to an inhibition of endogenous GnRH secretion (Chan et al, 1981) or by a direct inhibitory action of testosterone on the gonadotrophs (Giguere, Lefebvre & Labrie, 1981 (Döhler & Wuttke, 1975; Chan et al, 1981; Dalkin et al, 1981) . The concentrations of serum FSH, as in male rats, rise characteristically between Days 10 and 20 of age with a peak value at Day 15 (Ojeda et al, 1980; Chan et al, 1981; Dalkin et al, 1981 (Debeljuk et al, 1972b; Ojeda, Jameson & McCann, 1977; Dullart, 1977) . The increased sensitivity to GnRH is probably responsible for the high FSH concentrations at these ages and correlates well with the increased concentration of pituitary GnRH receptors that are maximal between Days 10 and 25 of age in female rats (Chan et al, 1981; Dalkin et al, 1981 (Chan et al, 1981) , since the latter remained constant after 30 days of age. Before this time high concentrations of a-fetoprotein in serum cause elevated total serum oestradiol concentrations in female rats. Again, unlike events in male rats, there was no time before puberty when GnRH receptors failed to increase after ovariec¬ tomy (Duncan et al, 1983) . The study by Duncan et al (1983) (Bereu et al, 1977; Bereu, 1982; Vogel, Gunsalus, Bereu, Musto & Bardin, 1983 (Huhtaniemi, Stewart, Channabasavaiah, Fraser & Clayton, 1984a) , even though an equivalent dose per unit body weight of anti-GnRH serum was effective at suppressing serum gonadotrophins, testosterone, and accessory sex-organ weight in adult male rats (Huhtaniemi et al, 1984b (Huhtaniemi et al, 1984a ).
We do not know whether testicular function would have recovered since the animals were not followed until sexual maturity, although the prediction would be that at this stage of juvenile maturation arrest of gonadotrophin-dependent gonadal functions would be temporary and fully recoverable. Nevertheless, the approach using a GnRH antagonist clearly showed the dependence of testicular maturation on endogenous gonadotrophins, and the importance of GnRH.
GnRH replacement in GnRH-deficient states
While counteracting the action of GnRH is one way to assess the contribution of the peptide to sexual maturation, another approach is to examine the effect of treatment of GnRH-deficient animals with GnRH (Cattanach et al, 1977) .
In an extensive study of the effects of GnRH in the hpg mouse, Charlton et al (1983) (Young, Speight, Charlton & Clayton, 1983) . These studies also demonstrated the same pattern of early activation of FSH synthesis followed by that of LH as occurs during the development of gonadotrophs in animals with their own input of GnRH.
In female hpg mice single daily injections of GnRH (Krieger et al, 1982) and female (Gibson et al, 1984; Young, Detta, Clayton, Jones & Charlton, 1985) hpg recipients was reversed. Although female hpg mice with hypothalamic grafts do not appear to exhibit cyclic ovarian activity they are able to mate (Gibson et al, 1984) . The intracerebral grafting of hypothalamic tissue has potential for examination in the host of neural regulation of the implanted tissue with respect to GnRH release. In addition, it is less tedious than repetitive treatment with exogenous GnRH. However, it still remains to be seen which method of GnRH stimulation of the pituitary gland will produce the best overall physiological response.
Role of GnRH in the initiation ofcyclic ovarian activity
There is now compelling evidence that GnRH is released from the hypothalamus as discrete pulses, about every 2h, rather than in a continuous trickle (Knobil, 1980; Clarke & Cummins, 1982; Levine, Pau, Ramirez & Jackson, 1982 Knobil, 1980 (Knobil, 1980) . Similarly, ovulation and pregnancy can be induced in women with permanent isolated gonadotrophin deficiency, or in whom this is temporary, and potentially reversible, due to loss of body weight (hypothalamic amenorrhoea) (Crowley & McArthur, 1980; Mason et al, 1984; Menon, Butt, Clayton, Logan-Edwards & Lynch, 1984) .
The question therefore arises as to whether acquisition of this pulsatile pattern of GnRH secretion is the critical determinant of cyclic pituitary-ovarian function. Evidence to support such a conclusion has been obtained from prepubertal monkeys treated with hourly pulses of GnRH. These animals developed normal cyclic pituitary-gonadal function, including the positive feedback response to oestrogen and ovulation, which reverted to ovarian quiescence once pulsatile GnRH treatment was stopped. Subsequently, these same animals spontaneously developed regular ovarian cycles (Wildt, Marshall & Knobil, 1980) . These data show that the pituitary gland and ovary of the prepubertal animal are able to respond to 'appropriate' stimulation from the hypothalamus and that neither the ovary nor the pituitary gland is a limiting factor for the initi¬ ation of cyclic ovarian function. This view has been supported by determination of LH, and by inference GnRH, pulsatility in humans with gonadal dysgenesis. In prepubertal individuals LH pulses were very infrequent and their amplitude very low, indicating very little endogenous GnRH secretion. In individuals of pubertal age the most striking change was the big increase in the frequency and amplitude of LH pulses during sleep. As the individuals progressed through puberty to adulthood LH pulses became more frequent during the day (Ross, Loriaux & Cutler, 1983) . This study provides strong evidence that the critical determinant of puberty in primates is the 'switching-on' and the steady progressive acceleration of the hypothalamic GnRH pulse generator. Although unproven, it is highly likely that a similar mechanism operates to initiate puberty in nonprimate species, including rodents. Direct evidence that hypothalamic GnRH pulsatility can change with development has been provided by examination of pulsatile GnRH release in vitro from intact medial basal hypothalami of rats: as the donor age increased (19-50 days) so did GnRH pulse frequency (Bourguignon & Franchimont, 1984) .
Conclusions
It is clear that the decapeptide GnRH is central to the normal post-natal maturation of gonadotroph function and that the neural control of GnRH secretion provides the key to our understanding of the acquisition of reproductive competence in mammalian species. Indeed, GnRH is also responsible for reproductive competence in birds, reptiles, and fishes and in these vertebrates the amino acid sequence is highly conserved with only one or two amino acid differ¬ ences in the C-terminal end of the molecule (King & Millar, 1979 , 1980 Millar & King, 1983; Sherwood et al, 1983) . These data indicate that GnRH has been highly conserved as a reproductive hormone during evolution and is phylogenetically ancient. Loumaye, Thorner & Catt (1982) have drawn attention to the similarity of GnRH with the tridecapeptide -mating factor of a unicellular yeast. This yeast tridecapeptide has weak GnRH agonist activity in mammalian pituitary cells (Loumaye et al, 1982) 
